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Early in the 19th century a quarantine station was established by the Cana- 
dian government on  Crosse  Isle in an effort to avert spread of any disease 
brought in by immigrants, and incoming vessels were required to stop there for 
medical inspection and  removal of diseased passengers.  This small island, 
slightly over a mile long and half a mile wide, is situated about 29 miles down- 
stream from Quebec City in the tidal portion of the St. Lawrence River.  At 
this point some 12 miles separate the northern and southern banks of the river. 
Although tremendous ice floes are formed during winters, there is never a solid 
bridge of ice between Grosse Isle and the mainland or neighboring islands be- 
cause in this section of the St. Lawrence there are tides of 15 feet or more as well 
as an 8 mile current.  Since a distance of at least 4 miles separates the island 
from the nearest shore, any communication requires the agency of man.  The 
Canadian authorities therefore thought the  water barrier provided effective 
quarantine for, other than birds, no definite connecting link was present al- 
though a possibility existed that wild mammals could escape to the mainland 
on drifting ice or debris. 
Shortly after World War I  the quarantine station was abandoned and only 
two families remained as caretakers.  Then, in 1942, the War Disease Control 
Station was established on Grosse Isle as a joint Canadian and American project 
with a group of scientists and soldiers working there in virtual isolation. 
In 1943 the only mammals found on Grosse Isle in the wild state were voles, 
deer mice, red squirrels, star-nosed moles, muskrats, and bats.  Without doubt, 
voles were the most plentiful, their large numbers probably being due to lack of 
competition for food from other species and the virtual absence of predatory 
animals (2 house cats and perhaps an occasional owl from the mainland).  With 
some intention of using voles as experimental animals, several were captured, 
at~topsied,  and examined.  Some presented enlarged spleens.  No growth was 
seen in cultures made on blood agar slants and cooked meat medium.  Spleen 
suspensions injected into guinea pigs failed to reveal any virus, such as lympho- 
cytic choriomeningitis, and lung suspensions passed in series by the intranasal 
method in  mice  were  negative for latent pneumotropic  types.  Films from 
spleens stained by Macchiavelio's method showed a few small coccoid and bacil- 
lary structures.  First of all, consideration was given to the possibility that 
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these structures might be rickettsiae, and a study by methods commonly used 
was initiated. 
Cultivation  Studies 
Since rickettsiae have been cultivated so successfully by Cox (1) in the yolk 
sac of developing hen's eggs, it appeared worth while to begin with this method. 
Vole  spleens,  whether enlarged  or not,  were  chosen as  the  tissue  for study. 
Suspensions were prepared as follows:- 
The spleen was removed, weighed, and a  10 per cent suspension prepared in saline (0.85 
per cent sodium chloride) solution with a glass grinder.  Fertile hen's eggs that had been 
incubated for 5 days were inoculated into the yolk sac with 0.5 cc. of the suspension.  Mter a 
further incubation  period of 3 to 5 days at 35°C., films were prepared from the yolk sac mem- 
brane and  stained by Macchiavello's method.  Failure to  find organisms on microscopic 
examination was not considered conclusive, and from such yolk sacs suspensions prepared 
as above were inoculated into other eggs.  If after 5 serial passages the examination was 
negative, it was concluded that the original spleen was not infected.  This  method was used 
in all further egg studies with only one modification, the reduction from 5 to 3 serial passages. 
Organisms morphologically similar to each other and to those seen in vole 
spleens were obtained in 5 cultures, each from a separate vole.  Small coccoid 
or rod-shaped structures (Figs.  1 and 2) that stained red in color were seen in 
films from infected yolk sac membranes  stained  by Macchiavello's method. 
They were detected in the first egg passage in three of the  cultures (V8, V19, 
and V32), while a further passage was required before they were found in the 
2 other cultures (V13 and V21).  Studies were made from 10 voles.  No direct 
correlation was noted between the sizes of the spleens and the positive cultures; 
that is, small as well as enlarged spleens were found to be infected. 
After establishment in eggs by the yolk sac method, the strains grew readily 
in subsequent passages.  A few forms were seen in films prepared 1 day after 
introduction into the yolk sac of suspensions containing organisms; a  further 
increase occurred after 2 days, and maximum numbers were seen 3 to 4 days 
after  inoculation.  Usually  the  embryos died  5  to  7  days after  inoculation 
although a few lived to hatching.  Similar results occurred in eggs embryonated 
for 6 and 7 days before inoculation. 
The  work of  Cox has  suggested  that  the  best  temperature  for growth of 
rickettsiae in eggs is 35°C., and as previously mentioned, good growth of tl~ 
vole agent was attained  at  this  temperature.  Other tests, however, showed 
that the organism grew equally well at 37°C., but that a temperature of 39°C. 
completely inhibited growth. 
A group of eggs that had been incubated for 10 days was inoculated on the 
chorioallantoic membrane while another group was injected intravenously with 
0.25  cc. of a  suspension of yolk sac membranes from infected eggs.  Control 
inoculations into the yolk sacs of eggs were made with a similar amount of the j,tm~s  A.  BAKER  39 
same suspension.  Development of embryos was normal in eggs except in those 
inoculated into the yolk sac.  After an incubation period of 3, 4, or 5 days at 
35°C., films from the site of inoculation on the chorioaUantoic membrane were 
negative.  Films from various organs, including the spleen,  of those embryos 
inoculated  intravenously  also  showed  no  forms  while  the  yolk  sac  cultures 
showed many of the small rods. 
Portions of the same vole spleen suspensions inoculated into eggs were placed 
on blood agar slants and in cooked meat medium.  In addition, similar cultures 
were made from suspensions  of yolk sac membranes showing the forms noted 
above.  Cultures  of infected yolk sac  suspensions  were  made  on blood agar 
plates, containing 10 to 30 per cent horse serum, and Dorset's egg medium.  The 
inoculated media were incubated  at 35°C. and 37°C. for periods of a  week or 
longer.  No growth was apparent in any of the cultures.  Since growth appar- 
ently occurred only in the presence of living cells and more specifically those of 
the yolk sac, it appeared  that an agent of viral nature had been secured from 
the voles. 
Studies  of the Vole Agent in Laboratory Animals 
Comparative  pathogenicity studies  of infectious agents  may have value in 
indicating that one or more types of laboratory animals have an advantage over 
others for experimental purposes.  In the case of the vole agent, it seemed more 
than ever necessary to determine this effect because of the apparent nature of 
the  infection.  Accordingly mice,  hamsters,  and  guinea pigs were  studied  as 
thoroughly as possible; but curtailment of the study for rats, rabbits, and mon- 
keys was necessary because  of their  limited  availability  on  Grosse  Isle.  In 
general the objectives were: (1) observation for signs of infection, (2)  presence 
and persistence of the agent in the blood, (3) concentration of the agent in the 
blood, (4) threshold of infection, and (5) transfer of the agent by direct passage 
of blood between individuals of the same species. 
Signs of Infeaion.--One group of 1S mice each was inoculated intraperitoneally  with 1 cc., 
a similar group intranasally  with 0.05 cc., and a third intracerebrally with 0.03 cc. of a 10 per 
cent suspension in saline of yolk sacs from eggs infected with strain V32 that had been through 
10 serial egg passages.  Following inoculation, one-third  of the mice from each group were 
killed and examined at time intervals  of 3, 10, and 15 days.  In those inoculated intraperi- 
toneally  an attempt was made  to demonstrate  organisms by examining films from spleens 
stained by Macchiavello's method and by the cultivation in eggs of organisms from the blood 
and spleen.  No signs of illness or gross pathological changes were observed in any of the mice 
in these 3 groups.  Examination  of the films prepared  from spleens showed no recognizable 
forms; however, egg cultures of blood and spleen demonstrated an organism indistinguishable 
morphologically  from  the  vole agent. 
A 10 per cent suspension was prepared from yolk sacs of eggs infected with strain V32 that 
had been serially transferred for 15 egg passages and given intraperitoneaUy in 2 cc. amounts 
to each of 15 hamsters.  The animals were weighed and observed daily for signs of illness. 
Following inoculation, 5 animals were killed and examined at intervals of 5, 10, and 15 days. 40  RICKETTSIAL INIrECTION IN CANADIAN  VOLES 
Microscopic examination of films and egg cultures were made of blood and spleen tissues.  No 
loss of weight or other sign of illness was seen in the hamsters.  Autopsy occasionally revealed 
a  slightly enlarged spleen as the only gross pathological change.  After long search a  few 
organisms with morphology similar to the vole agent were found in  films from blood and 
spleens.  Egg cultures showed the organism present in all animals. 
A  group of 6 adult guinea pigs, weighing approximately 600 gin., was inoculated intra- 
peritoneally with 2 cc. of the same suspension given the hamsters.  Daily weight and body 
temperature measurements were made on these and on 4 other uninoculated animals kept in 
the same environment.  At 5 day intervals following inoculation 2 animals of the group were 
killed, examined for gross lesions, and egg cultures made of blood and spleen tissues.  Daily 
temperature and weight measurements of inoculated guinea pigs were similar to those kept as 
controls.  In the egg cultures, organisms were demonstrated only from the spleens of those 
animals killed 5 days after inoculation; all others showed no growth. 
Further studies consisted of another group of guinea pigs inoculated intraperitoneally with 
a  suspension of yolk sacs of eggs infected with the agent recovered from the spleens of those 
TABLE  I 
Presence of the Vole Agent in the Blood of Injec~.d Laboratory Animals as Determined by .Egg 
Inoculations and .Examination of Films from the  Yolk Sacs 
Animal inoculated intraperitoneally 
Guinea pigs .................... 
Mice .......................... 
Hamsters ...................... 
Rats .......................... 
Monkeys ...................... 
N~  of 
ani  fls 
Days after inoculation 
_0  10   __25 I  5o  75 
_  q_  +  ±  .... 
-  +  +  +  +  +  +  ± 
-  +  +  +  +  +  +  I  ± 
--  --  +  +  +  --  Not tested 
......  Not tested 
--  indicates vole agent not present. 
+  indicates vole agent present. 
q- indicates vole agent present in some but not all animals. 
in the first passage.  This alternation between eggs and guinea pigs was continued through 5 
series of passages.  After the first passage, however, blood as well as spleen contained the vole 
agent and served thereafter as the lnoculum for eggs.  Periodic autopsies were discontinued 
and only occasionally animals were examined for gross lesions.  Beginning with the 3rd pas- 
sage, 3 of 6 guinea pigs showed a loss of weight accompanied by a slight increase in tempera- 
ture, which began on the 4th day after inoculation and lasted for 4 days.  Loss of weight be- 
gan on the 5th day and ceased 10 days later.  A correlation between these signs and recovery 
of the vole agent from the blood showed that it was present 5 to 15 days after inoculation. 
However, animaLs without signs also contained organisms in their blood.  These slight and 
inconstant signs of illness were not increased by 2 further passages from the 3rd alternating 
one. 
Five rats, 2 rabbits, and 2 monkeys were each inoculated intraperitoneally with 2 cc. of a 
10 per cent suspension in saline of yolk sacs from eggs infected with strain V32 that had been 
transferred serially for 15 egg passages.  Another monkey was given intracutaneonsly 0.25 
cc. of the same suspension.  All animals were observed daily and temperatures were taken of 
the monkeys and rabbits.  No signs of illness or increased temperature were seen and the 
intracutaneons injection in the monkey produced no local lesion. 
Presence of the Agent in the Blood of Inoculated Animals.--In a group of 10 mice each was yA~S  A.  BAng  41 
given intraperitoneally 1 ce. of a  i0 per cent suspension in saline of yolk sacs from eggs in- 
fected with strain  V32  that had been transferred for 15 egg passages.  Two cc. of similar 
suspensions  were given intraperitoneally to 5 hamsters, 5 rats, and 2 monkeys.  Five guinea 
pigs were inoculated in the same way with the yolk sac suspension from the 3rd alternate 
passage of guinea pig spleen and blood to yolk sac then back to guinea pig as described above. 
Before inoculation and at 5 day intervals thereafter for 25 days 0.1 cc. of blood was taken from 
each animal, suspended in 2 cc. broth, and 0.5 ec. of the suspension was injected into the yolk 
sac of each of 3 eggs.  The blood cultures were discontinued at this point for monkeys and 
rats, while the guinea pigs, mice, and hamsters were again tested 50 and 75 days after inocula- 
tion.  Positive results consisted in demonstrating organisms morphologicaliy similar to those 
originally inoculated.  The results are shown in Table I. 
It can be seen that the vole agent was recovered from all mice and hamsters 
5  to 50 days after inoculation and in some cases 75 days afterward.  In every 
guinea pig the agent was present  10 days after inoculation, but not all animals 
TABLE II 
Comparison of the Tkreshold of Infection  to the Vole Agent in Laboratory Animals 
Results of inoculation 
Dilution inoculated 
Eggs  Hamsters  Mice  Guinea pigs 
lO-X 
10-2 
10-3 
10-4 
10-s 
10 t 
10-7 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Not tested 
Not tested 
+ 
-k indicates vole agent present. 
-- indicates vole agent not present. 
showed its presence at the 5 and 15 day test period.  The agent was found to be 
present in the blood stream of rats 10 and 20 days after inoculation.  No organ- 
isms were detected  in cultures  from the blood of inoculated monkeys. 
Concentration of the Agent in the Blood.--Three mice and 3 hamsters were each inoculated 
intxaperitonealiy with a  10 per cent suspension in saline solution of yolk sacs from eggs in- 
fected with strain V19 that had had 21 serial passages.  Blood was taken from each animal 10 
days after inoculation and tenfold dilutions ranging from 10  -1 to 10  -4 were made in saline 
solution and tested in eggs.  The greatest dilution of blood from hamsters shown to contain 
the vole agent was 10  -3 while that of mice was 10  -a. 
Threahold of Infection.--Tenfold dilutions in saline solution ranging from 10  -1 to 10 -7 were 
prepared from yolk sacs of eggs infected with strain V19 that had been serially passed 31 times 
in eggs.  The various dilutions were inoculated into the yolk sacs of eggs, and groups of 3 
mice, 3 hamsters, and 2 guinea pigs were given intraperitoneally 0.5 cc. of the 10  -1 to 10  4 
dilutions.  Five days after inoculation the animals were killed, their spleens removed, and 
those from each group pooled, weighed, and 10 per cent suspensions  made in saline solution. 
Each suspension was then tested in eggs for the presence of the vole agent.  This experiment 
was repeated again for mice and hamsters, and the results are shown in Table II. 42  RICKETTSIAL INFECTION IN CANADIAN  VOLES 
It can be seen in Table II that the suspensions titrated to an endpoint of 10  -e 
in eggs, 10  -4 in hamsters, 10  -2 in mice, and 10  -1 in guinea pigs.  Thus in terms 
of infective doses for eggs, hamsters require at least 100, mice 10,000,  and guinea 
pigs 100,000. 
Transfer of InfecHon by D~ect Passage.--Blood was taken from infected animals and sus- 
pended in broth  to such concentration that, when 1 co. was given intraperitoneally, each 
recipient got the equivalent of 0.1  cc. of whole blood.  Simultaneously portions of these 
suspensions were tested in eggs for the vole agent.  This study was conducted in groups of 5 
mice, 5 hamsters, and 5 guinea pigs, each animal being given the blood suspension originating 
from its own species.  All animals were killed 10 days after inoculation and pooled 10 per cent 
suspensions of the spleens from each group were tested in eggs. 
Organisms were shown to be present in all blood suspensions used as inocula 
for the animals.  They were found in egg cultures from the spleens of inoculated 
hamsters but not in eggs inoculated with suspensions of the spleens from guinea 
pigs and mice.  It appeared therefore that infection was not established by 
transfers by this method from mouse to mouse or between guinea pigs but that 
passage of infection was accompfished in hamsters. 
Su~mary.--No  signs of illness were produced  by inoculations  of the  vole 
agent in mice, hamsters, guinea pigs, rats, rabbits, or monkeys, nor did examina- 
tion of mice, hamsters, and guinea pigs show any gross pathological changes. 
That infections were established in mice, hamsters, guinea pigs, and rats follow- 
ing inoculation intraperitoneally was, however, shown by recovery of organisms 
from their blood.  Recovery of organisms was not made from the  blood of 
monkeys, and rabbits were not tested in this manner.  In guinea pigs the septi- 
cemia was present 5 to 15 days after inoculation, while in the case of mice and 
hamsters organisms were present in the blood for at least 50 days afterward. 
A greater concentration was found in blood from hamsters than from mice.  It 
was not possible to transfer infection directly with blood between mice or guinea 
pigs.  In hamsters transfer from animal to animal by blood inoculation sue- 
ceeded, probably because of the lower threshold of infection in this species. 
Disease in  Voles 
Procuring  non-infected  voles for experimental purposes offered dilficulties 
since the infection appeared to be extensive.  One method used was to capture 
pregnant females and allow them to have young under  laboratory conditions 
following the removal of ectoparasites with nicotine sulfate.  Four pregnant 
females were treated in this manner.  Two litters of 4 each were obtained from 
2 mothers, but the others destroyed their young shortly after birth. 
Four to 9 days before birth of their young each female was given intraperitoneally 1 cc. of a 
10 per cent suspension in saline of yolk sacs from eggs infected with strain V32 that had been 
through 19 and 22 egg passages.  Mter weaning, 21 days after birth of the young, 0.1 cc. of 
blood was drawn from each mother, suspended in 2 cc. broth, and the suspensions studied j~s  A.  BAKSR  43 
in eggs.  Both mothers contained the vole agent in their blood at this time.  Half of the 
voles from each litter were then killed, examined, and suspensions of their spleens tested in 
eggs.  The vole agent was not found in any of these and it appeared that no transmission  of 
infection had occurred through either intrauterine or cage contact. 
In an attempt to breed voles in captivity one litter of 4 young was obtained before breeding 
activity stopped.  Two of these young voles were killed, examined, and suspensions of their 
spleens studied in eggs.  As in the other litters, the vole agent was not found. 
From the remaining 6 young voles reared in captivity, 2 were selected and inoculated intra- 
peritonealiy With 2 cc. of a 10 per cent suspension of yolk sac membranes from eggs infected 
with strain V32 that had been passed serially in eggs for 24 passages.  These animals showed 
no loss of weight nor any visible signs of infection during the period of observation.  One vole, 
killed 10 days after inoculation, showed a slightly  enlarged spleen, and a 10 per cent suspension 
in saline of this spleen, cultured in eggs, revealed the agent to be present.  From the other, 0.1 
qc. of blood was taken on the 5th, 10th, and 15th days after inoculation,  suspended in 2 cc. 
broth, and each sample tested in eggs.  The results were positive in every instance.  Unfor- 
tunately for further work, this and the 4 remaining uninoculated voles died as a result of the 
room temperature reaching 90°F. overnight. 
Complem~t  Fixation  Tests 
The antigens used were  10 per cent suspensions in formalin-saline  solution of yolk sacs 
from eggs.  Coarse  particles and lipid material were  eliminated by centrifugation.  Sera 
were prepared from a group of 4 guinea pigs each given 2 cc. of a I0 per cent suspension of yolk 
sacs from eggs infected with strain V32.  Their sera, collected at the time of inoculation and 
again 28 days later, were tested for complement-fixing antibodies with antigens prepared from 
eggs infected with strains V32 and V19 and from normal eggs. 
While each serum fixed complement with both infected yolk sac antigens and 
not with normal yolk sac antigen, the titers were low ({t to ~).  Attempts to 
increase antibody content in the guinea pig by another injection caused fixation 
with normal yolk sac antigen.  Serum prepared in a monkey by a  single injec- 
tion intraperitoneally of 5  cc. of an infected yolk sac suspension fixed comple- 
ment with normal yolk sac antigen. 
Relationship of the Vole Agent to Established Strains of Rickettsiae  a 
Morphology.--Films  of the vole agent  were prepared  from  yolk sac mem- 
branes,  stained  by  Macchiavello's method,  and  studied  comparatively with 
those  of scrub  typhus  (Karp  strain),  typhus,  and  Rocky Mountain  spotted 
fever.  The vole agent most nearly resembled scrub typhus rickettsiae in shape, 
size, pleomorphism, and manner of development.  That is, in well developed 
egg cultures, neither the Karp strain nor the vole agent showed large numbers 
of organisms as found for epidemic and endemic typhus strains.  Also similar- 
ity was noted in that both developed as clumps of coccoid and bacillary struc- 
tures with the rod-shaped form predominating (Figs. 1 and 2).  The vole agent 
was apparently smaller and differed in this respect.  A  further difference was 
1 The author wishes to express his gratitude to Dr. Norman Topping, National Institute 
of Health, Bethesda, Maryland, for his assistance in this study. 44  I~CKETTSIAL INYECTION IN  CANADIAN VOLES 
noted in that the vole agent stained well by Macchiaveilo's method while the 
Karp strain did not. 
Immunity  Studies in Guinea Pigs.--Guinea  pigs were inoculated  intraperitoneally  with 2 
cc. of a  I0 per cent suspension of yolk sacs from eggs infected with strain  V32.  Six weeks 
later these guinea pigs were divided into groups of 3 each and reinoculated  with strains  of 
epidemic typhus,  endemic typhus,  Rocky Mountain spotted  fever, and the Serangayee strain 
of scrub  typhus. 
The results,  as shown in Table III,  are that  no immunity  to the typhus 
strains, Rocky Mountain spotted fever, or the Serangayee strain of scrub typhus 
developed in guinea pigs from a previous inoculation of the vole agent. 
TABLE III 
Tests for Immunity  to Established Rickettsial Strains in Guinea Pigs Inoculated 
with the Vole Agent 
Test strains of rickettsiae 
Rocky Mountain spotted fever 
Epidemic typhus fever strain 
Endemic typhus fever strain 
Serangayee strain  of scrub typhus 
Status of guinea  pigs 
Inoculated  with  vole 
agent 
Controls 
Inoculated with  vole 
agent 
Controls 
Inoculated  with  vole 
agent 
Controls 
Inoculated with  vole 
agent 
Controls 
•  No.  of 
animsl~ 
3 
3 
3 
3 
3 
3 
3 
3 
Results 
No immunity 
No immtmity 
No immunity 
No immunity 
No immunity 
No immunity 
No immunity 
No immunity 
lmmuniSy Studies in Mice.~Mice were inoculated intraperitoneally  with 1 cc. of a 10 per 
cent suspension of yolk sacs from eggs infected with strain  V32.  Groups of 5 mice, 13 days 
after inoculation, were each given 0.5 cc. of tenfold dilutions ranging from 10  -2 to 10  -5 of yolk 
sacs infected with the Karp strain  of scrub  typhus.  This experiment  was repeated  twice. 
In one of the tests there was a time interval of 30 days and in the other 33 days between the 
first  inoculation  of the  vole agent  and  subsequent  challenge with the Karp  strain.  The 
composite results of the experiments are shown in Table IV. 
As Table IV shows, all mice inoculated with the vole agent showed no effects 
when claa!lenged with 0.5  cc. of a  10  -4 dilution of yolk sacs infected with the 
Karp strain, while those injected with 10  --3 died.  The controls inoculated with 
10  ~  died, while those  given a  10  -5 dilution lived.  The injection of the vole 
agent protected mice against  1 to  10 lethal doses of scrub typhus.  Only 2 of ~'A.M:ES A.  BAKER  45 
the mice infected with the vole agent survived an inoculation with a 10  -3 dilu- 
tion, that is, 10 to 100 lethal doses. 
Serological Studies.--Cross complement fixation tests were made using the 
antigens of the vole agent and Karp strain of scrub typhus and sera prepared in 
monkeys and guinea pigs. 
Antisera against the Karp strain were made in 2 monkeys by inoculation of one intracu- 
taneously with 0.25 co. of a  10 per cent suspension of yolk sacs from eggs infected with the 
Karp strain and the other intraperitoneally with 1 co.  of the same suspension.  Sera were 
collected 2 weeks after inoculation.  Antisera from guinea pigs against the Karp strain were 
obtained 4 weeks after an intraperitoneal injection of 1 cc. of a  suspension similar to the one 
used for the monkeys.  Preparation of the sera against the vole agent was described earlier. 
TABLE  IV 
Tests for Immunity to Scrub  Typkus  (Karp Strain)  in Mice Inoculated with tke  Vole Agent 
Dilution of yolk sac 
(Karp strain) 
I0-2 
lO-a 
10  ~ 
10-5 
Status of mice 
Inoculated with vole agent 
Controls 
Inoculated with vole agent 
Controls 
Inoculated with vole agent 
Controls 
Inoculated with vole agent 
Controls 
No. of animals 
15 
15 
15 
15 
15 
15 
15 
15 
No. died 
15 
15 
13 
15 
0 
15 
The results are shown in Table V.  Antisera from monkeys against the Karp 
strain fixed complement when mixed with antigens of both Karp strain and vole 
agent.  No fixation occurred  with normal yolk sac  antigen.  As mentioned 
above, antisera prepared in monkeys against the vole agent fixed complement 
with normal yolk sac antigen, and therefore the fixation with infected yolk sac 
antigens was not specific.  No cross-fixation  occurred  with sera  from guinea 
pigs.  However, the titer of the sera was low in the homologous systems. 
Ecological Studies  ~ 
A survey of the wild animal population on Grosse Isle showed a limited num- 
ber of species.  In addition to voles  (Microtus pennsylvanicus  pennsylvanicus 
2 Acknowledgment for identification of ectoparasites is made to Captain Henry Grittith~ 
War Disease Control Station, Grosse Isle, Province of Quebec, Canada, and Dr. H. E. Ewing, 
of the Division of Insect Identification, Bureau of Entomology and Plant Quarantine, Wash- 
ington, D.  C.  The mammal identifications were made by Dr.  Remington Kellogg, of the 
Division of Mammals,  U.  S.  National Museum,  Washington, D.  C. 46  RICKETTSIAL  INFECTION  IN  CANADIAN  VOLES 
there were deer mice (Peromyscus maniculatus gracilis), red squirrels (Tamiasci- 
urus  hudsonicus  gymnicus),  the  star-nosed  moles  (Condylura  cristata  nigra), 
muskrats (Ondatra zibethica  zibethica),  and bats (unidentified). 
At the time the animals were captured, their ectoparasites were collected and 
identified.  The ectoparasitic infestation of voles was studied for a  period of 1 
TABLE V 
CrossComplem~tFix~ion  Tes~betweenthe VoleAgentandthe  KarpStrain ~Scrub Typh~ 
Animal  No. 
Monkey 1-31 
Monkey 1-50 
Monkey 5-6 
Monkey 8-1 
Guinea pig 4-0 
Guinea pig 5-8 
Guinea pig 5-2 
Guinea pig 5-3 
Status of serum 
Inoculum 
Karp strain 
Karp strain 
Vole agent 
Vole agent 
Karp strain 
Karp strain 
Vole agent 
Vole agent 
Time after 
inoculation 
wks. 
0 
2 
Complement-fixing  titer against 
antigens 
Vole agcrt  Karp  stt 
0  1  1:4 
1:256  1:51: 
0 
l:5E 
1:4 
1:16 
0 
1 : 251 
0 
1:64 
0 
1:64 
0 
0 
1:4 
1:512 
1:4 
1:16 
0 
1:256 
0 
0 
0 
0 
0 
1:8 
0 
1:16 
0 
0 
Normal 
yolk  sac 
1:8 
1:64 
1:8 
1:256 
year, whereas those on squirrels, moles, and deer mice were studied only during 
the late summer and fall of 1943. 
Spleens from captured animals were inoculated into eggs by the method used 
in the original isolation of the organism from voles. 
A  summary  of  the  survey made  of  the  ecological possibilities is  given  in 
Table VI. 
Seven species of fleas were found on voles (Table VI).  Two of these same 
species were found on deer mice.  Squirrels also harbored 2 of the species found 
on voles, but these differed from those on the deer mice.  Of the 2 species found ~'AMZES A.  BAKER  47 
on moles, one was found on voles and deer mice and the  other on voles and 
squirrels.  One additional species was found only on squirrels and not on the 
other animals. 
TABLE VI 
Ecological Possibilities for the Maintenance and  Transference of the Vole Agent 
on Grosse Isle, Province of Quebec, Canada 
Species  of wild mammal 
Vole 
Microtus pennsylranicus 
pennsylvanicus 
Deer mouse 
Peromyscus maniculalus 
gracilis 
Red squirrel 
Tamiasciurus hndsonicus 
gym~ic~ 
Star-nosed mole 
Condylura cristata nigra 
Muskrat 
Ondatra zibelhica vibe~hica 
Culture  of spleen in egg 
by yolk sac inoculation 
}  No.  No. of  {  mammals  showing 
examined I growth  o[  rickettsia 
10  5 
10  0 
10  0 
Not examined 
5  I  0 
Ectoparasites 
Fleas 
Atyphloceras bishopi (.lord.) 
Ctcnophthalmus pseudagyrtes (Bak.) 
Et~tedia wenmanni (Roths.) 
Nosopsyllus fasciatus  (Bose.) 
Peromyscopsylla catatina (Jord.) 
Peromyscopsylla sp. 
Trichopsylla (Trichopsylla) ado asio 
Lice 
Polplax alaskensis 
Mites 
Trombicula microti (Ewg.) 
Atricholaelaps glasgowi (Ewg.) 
Laelaps microti (Ewg.) 
Tick 
Ixodes sp. 
Fleas 
Atyphloceras bishopi (Jord.) 
Epitedia wenmanni (Roths.) 
Fleas 
Ctcnophthalmus pseudagyrtcs (Bak.) 
Peromyscopsylla sp. 
Orchopeas wickhami 
Fleas 
Ctcncphthalmus pseu~agyrtes (Bak.) 
E~ted~ wenmanni (Roths.) 
Mites 
Unidentified 
Voles harbored 3 species of mites, only one of which, Trombicula microti, was 
a  blood-sucking type.  None  of the  lice found  on  voles were  blood suckers. 
From all of the voles examined only 3 ticks were obtained. 
The Ear Mite ( Trombicula microti) as a Possible Vector.--Mites were removed 48  RICKETTSIAL  INYECTION  IN  CANADIAN  VOLES 
from captured voles, ground with sand in a mortar, and suspended in broth. 
One hamster, inoculated intruperitoneally with a suspension of 10 mites taken 
from one vole, showed no organisms when cultures in eggs were made; but from 
another hamster, which had been  inoculated with a  suspension of 20  mites 
taken from 2 voles, an organism morphologically  indistinguishable from the vole 
agent was demonstrated. 
The Flea (NosopsyUus fasciatus) as a Possible Vector.--A pure colony of this 
flea was established.  From this colony 30 fleas were placed on an infected 
hamster and allowed to remain for 5 days.  After this period 10 of these fleas 
were transferred to a normal hamster.  Blood collected from this animal at 5 
day intervals for 20 days failed to yield growth of the vole agent when inoculated 
into eggs. 
DISCUSSION 
The inability of the agent obtained from voles to grow in the absence of living 
cells, its manner of development in the yolk sac of embryonated eggs, and its 
morphological, pathogeniC, and epidemiological features permit the conclusion 
that it is a rickettsia.  Furthermore, the resistance to lethal doses of the Karp 
strain of scrub typhus produced in mice by an inoculation of this rickettsia sug- 
gests a relationship between them, although this could have been an interference 
effect since the mice carried in their blood viable vole rickettsiae.  The anti- 
genie similarity shown by the complement fixation test supports the idea of a 
relationship between the vole agent and scrub typhus rickettsiae.  Still other 
features indicating a  possible  relationship  are  a  morphological resemblance 
between the vole agent and scrub typhus strains and a probable epidemiological 
similarity, since the rickettsiae of scrub typhus apparently utilize m~tes for their 
spread (2)  and a mite is the probable vector of the vole rickettsia.  Further 
work needs to be done on this relationship. 
During the terrible typhus outbreak of 1847 (3) thousands of immigrants died 
and were buried on Grosse Isle.  Over 5,000 of these victims were estimated to 
have been Irishi and a cross to their memory stands today.  A former caretaker 
of the island, Pierre Mason, recounted a story told by his father that, following 
an early typhus epidemic, dynamite specialists were brought out from Quebec 
City to blast graves in the rock deep enough to prevent rats from scavenging the 
numerous dead.  While not a single rat exists on the island today, the presence 
of Nosopsyllus fascialus, the European rat flea, supports and lends credence to 
this story of their former existence. 
This history of typhus and rats previously existing on Grosse Isle suggested 
the possibility that the vole agent might be a markedly altered strain of either 
epidemic or endemic typhus resulting from a century of residence in voles.  The 
finding that the vole agent more closely resembled a Scrub typhus strain than 
European typhus came as something of a surprise.  The possibility that pro- j~n~s  A.  ~A~R  49 
longed sojourn of typhus rickettsiae in a  mite-vole environment may result in 
an organism with some of the characters of scrub typhus strains is suggested 
by our observations with the vole agent of Grosse Isle.  Then again, it is not 
impossible that scrub typhus itself may have been introduced into the voles. 
Although the effect of the Canadian vole rickettsia in man is not known, the 
results in animals indicate that  it would be non-pathogenic, differing in this 
respect from the fully virulent tsutsugamushi type found in Japan.  However, 
since a  greatly attenuated Strain of scrub typhus has been reported from the 
Pescadores Islands by Kawamura and Yamamiya (4), the vole agent may be 
merely a  strain further altered.  At any rate, ff this organism proved to be 
restricted to voles on Grosse Isle, a conclusion is warranted that either of these 
possibilities may be correct.  Otherwise any speculation as to its origin would 
be the usual biological one, that is, a parasitism for voles was acquired directly. 
If this becomes the more likely possibility, a new species should be added to the 
rickettsial family. 
SI3"~MARY 
From apparently normal voles captured on Grosse Isle, Province of Quebec, 
Canada, an infective agent has been grown in embryonated eggs, and by inocu- 
lation  an  inapparent  infection was  established  in  voles,  mice,  guinea  pigs, 
hamsters, and rats.  No growth of the agent was obtained in the absence of 
living cells, and the manner of its development in the yolk sac of embryonated 
eggs, as well as morphological, epidemiological, and pathogenic features, indi- 
cates a rickettsial nature. 
The inability to transmit  infection by either cage or intrauterine  contact 
points to a  vector, and mites are shown to have a  probable part  in the epi- 
demiology. 
Mice infected with the vole agent resist lethal doses of the Karp strain of 
scrub typhus, and certain epidemiological, morphological, and immunological 
features support the relationship indicated by the mouse tests.  It is therefore 
concluded  that  voles  on  this  island  have  an  inapparent  infection due  to  a 
rickettsia that may be related to the rickettsia of scrub typhus. 
The technical assistance of Warrant  Officer II A. S. Greig  and Warrant Officer II T. H. 
Stovell of the  Canadian Army is  gratefully acknowledged. 
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EXPLANATION OF PLATE 3 
FIG. 1.  Film  from yolk sac membrane  of egg  infected  with  strain  V19.  Note 
growth occurred in clumps.  MacchiaveUo's  stain.  X  1420. 
FIG. 2.  Film  from yolk sac  membrane  of egg infected  with strain V19 showing 
coccoid  and  bacillary  elements  freed  of tissue  debris.  MacchiaveUo's  stain. 
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(Baker: Rickettsia] infection in Canadian voles) 